Laser desorption FfMS provides a powerful method for examining the structures of underivatized pteridines. (M + Na)+ and (M + K)+ ions are generated by laser desorption and can be used to determine molecular weights. The negative ion spectra provide more detailed structural information through an (M-H)-ion as well as a variety of fragment ions. The collisional dissociation spectra of these negative ions give detailed structural information which is determined by possible resonance structures for the specific ions. Deuterium exchange reactions were found to be quite useful to define fragmentation pathways.
Introduction
Mass spectrometry may be used for identification and characterization of new pterins (1) . Pterins are polar, non-volatile compounds which must be derivatized prior to analysis by conventional mass spectrometry. Since the chemical derivatization process can be incomplete and may alter the sample there are limits in utilizing this approach for characterizing small quantities of unknown compounds. Furthermore, ions derived solely from the derivatizing group often dominate the mass spectra, thereby reducing the amount of useful structural information obtained for the compound of interest. Mass spectral techniques which do not require derivatization prior to analysis would be clearly advantageous.
Laser desorption Fourier transform mass spectrometry (LD-FfMS) is weB suited for the direct structural characterization of non-volatile compounds (2), such as pteridines. A small amount of underivatized sample (nanograms to micrograms) can be desorbed and ionized with aNd: YAG laser. The resulting ions, either positive or negative, can then be exmin-
ed in detail with the FfMS using accurate mass measurements and collision-induced dissociation experiments. The objective of this report is to illustrate the application of LD-FfMS for the structural examination of the pteridines, using 6-methylpterin as an example. A number of other pterin isomers have been characterized and differentiated with this technique.
Material and Methods
All experiments were performed with a Nicolet FfMS-2000 Fourier transform mass spectrometer (3) equipped with a Quanta Ray OCR-II Nd:YAG pulsed laser. The fundamental line of the laser at 1064 nm was used to desorb and simultaneously ionize the compounds of interest (4) . The pteridine compounds were purchased from Dr. B. Schirck's Laboratories (Jona, Switzerland) and were used without further purification. A few micrograms of each compound was dissolved in approximately 10 microliters of methanol and then placed on the stainless steel tip of a solids probe, which was then inserted into the \"acuum chamber and used as the laser target.
A complete mass spectrum could be obtained from a single laser shot; however, due to sample ablation by laser impact, the probe was rotated to a new position after every shot for signal averaging. For the spectra shown in this report, 10 laser shots were usually signal-averaged for each spectrum.
Collision-induced dissociation (CIO) was accomplished by isolating an ion of interest and then accelerating that ion into a collision gas (5) . For all experiments outlined in this report, the ions were accelerated to maximum translational energies in the 50-100 eV range. Argon was used as the collision ~as at a static pressure of 5 X 10-6 Torr. In the FTMS experiment, the CIO may be a multiple colli-..;ion process, so ion rearrangement prior to dissocia-'ion may occur. Mass resolutions of 500-4QOO (full ·.\idth at half-maximum) were ohtained for all ions 111 the CIO spectra and were sufficient to provide unique empirical formulae for most ions in this mass range. Accurate mass measurements (typical :rrors of a few millimass units) were obtained using internal calibrant ions, such as metal positive ions, Cl -. and CN-. for mass calibration.
Results and Discussion
Laser desorption was used as a soft ionization technique for a variety of underivatized pteridincs, whose structures are shown in Table I . This ioniza- served. The pteridine samples were not doped with either potassium or sodium salts; these ions are commonly observed in laser desorption spectra (6) and usually result from ubiquitous sodium and potassium introduced by sample handling. The negative ion spectra of these compounds, summarized in Table 2 , consisted of (M-H)-ions as well as a variety of fragment ions. shown in Figure 1 for pterin. The fragment ions listed in Table 2 were determined by examining the collisional dissociation spectra of the (M-H)-ions for each pteridine. Inspection of both the positive and negative ion spectra for these compounds revealed ions which could be used to determine the molecular weights of the pteridines in most cases. In order to examine the structures of these pteridines the collision-induced dissociation of negative ions from these compounds was examined. These small pteridines contain either hydrogen or one-carbon substituents at the 6 and 7 positions and provide the simplest compounds for probing the fragmentation pathways of pteridines. Examination of negative ions from these compounds provides structural information such as location and mobility of acidic hydrogens as well as possible ionic resonance structures. Investigation of fragment ions from these small compounds help determine the influence of the pterin ring on the dissociation pathways. Information obtained from these compounds should pro-. vide a basis of evaluating and understanding the fragmentation pteridines with side groups at the 6-and 7-positions. The simplest pteridine compound is pterin, shown in Table 1 hydrogen is known to be the most acidic hydrogen in solution (7) . Accurate mass measurements were used to identify the empirical formulas of the fragment ions and to determine the neutrals lost. These two neutral compounds which are lost suggest that hydrogen rearrangement is occurring (further evidence for this is given for the methylpterins). Interestingly, loss of NH3 is not a primary fragmentation pathway observed for these compounds, even though it was readily observed in the fragmentation of guanosine, a compound which is structurally quite similar to these pteridines (2) . This may imply that the resonance structures of the pteridines are different from those possible for guanosine.
6-methylpterin and 6,7-dimethylpterin are the simplest alkyl pterins and contain one and two methyl side chains, respectively. The (M-Hr ions for 6-methylpterin (m/z 176) and 6,7-dimethylpterin (m/z 190) each fragment by exclusive loss of HNCO. Loss of the most acidic hydrogen for these mcthylpterins, assumed to also be N 3 (7), would generate resonance structures similar to those of pterin, similarly leading to HNCO elimination. Evidence for hydrogen rearrangement is provided by the following deuteriumlabeling experiments.
A few micrograms of 6-methylpterin were dissolved in warm D}O. Even though this compound has limited solubility in DcO. some solvation and deuter- Figure 2 ). Because the N3 hydrogen is the most acidic, it probably is replaced in solution with deuterium first. However, this N 3 deuterium would be form the ion at m/z 176, implying that the first deuterium added to the compound is also the one lost to form the (M-H)-ion. Observation of ions at m/z 177 and 178 indicate two additional deuterium exchanges, presumably those of the primary amine at the N 2 positions. The only other hydrogens are located on carbons a1' the 6 and 7 positions of the pterin ring and should be less acidic. CID experiments were used to examine the deuterium (or hydrogen) rearrangement that occurs upon dissociation. CID of the m/z 176 (M-H)-ion gives m/z 133 as the only product, as stated in Table 2 , corresponding to loss of HNCO. The m/z 177 ion contains one deuterium atom, presumably on the primary amine, as shown below.
CID of this ion gives two products in roughly equal abundance, m/z 133 and 134, corresponding to losses of DNCO and HNCO, respectively, as shown in Figure 3 . This observation implies that while the N 3 hydrogen (or deuterium) is the most acidic (7) and may be initially abstracted to form the (M-H) -ion. e:ithe:r hydrogen or deuterium in the 1\'= position can migrate to the N~ position to generate: altemate re~ondncc qrucnlre:s. shown below, 
